J 



Europilsches Paterrtamt 
European Patent Office 
Office europeen des brevets 



(5) Publication number: 



0 323 383 

A2 



EUROPEAN PATENT APPLICATION 



@ Application number: 88480084.8 
© Date of filing: 22.11.88 



© int. a.*: G 06 F 15/24 



Priority: 29.1247 US 138781 

Date of publication of application: 
0&07.89 Bulletin 89/27 

Designated Contracting States: DE FR GB 



© Applicant: International Business Machines Corporation 
Old Orchard Road 
Armonk, N.Y. 10504 (US) 

© Inventor: Natarajan, Bharath 
2170 Meadowlnd Lane 
Marietta Georgia 30062 (US) 

@ Representative: Tublana,Max 

Compagnie IBM France Departement de Proprlete 

lntellectuelle 

F-06610LaGaude (FR) 



CO 
00 
CO 

CO 
CM 
CO 



CL 
111 



An automated system for evaluating the sensitivity of Inventory costs due to fluctuations In customer demand. 

An automated inventory management system is provided 
itch is easy to use and user friendly to evaluate the impact of 
customer demand changes on inventory. For a given item, the 
system automatically defines an inventory model by accessing 
an engineering planning database. The system Identifies the 
on-hand raw material Inventory and evaluates the work-in-pro- 
cess Inventory from the model The system then accesses an 
Inventory database to Identify the finished goods inventory and 
automatically consolidates all inventory and computes the total 
impact The system also provides the practicing manager 
necessary control limits on raw material and work4n-process 
Inventory dollars to complete a given finished product and 
establishes the required inventory turns. The user can use the 
system to compare against acutats and take appropriate action 
to correct any process deficiencies. This provides the capability . 
to evaluate inventory sensitivity to customer demand and can 
be used to better serve the customer and his needs. 
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Description 

AN AUTOMATED SYSTEM FOR EVALUATING THE SENSITIVITY OF INVENTORY COSTS DUE TO FLUCTUATIONS IN 

CUSTOMER DEMAND 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention generally relates to a 
computer based inventory evaluation system and. 
more particularly, to an inventory value estimation 
system which interfaces directly with a production 
planning system to provide an integrated approach 
to a manufacturing planning software design. 



Description of the Prior Art 

The process of designing, developing and manu- 
facturing a new product, or making major changes to 
existing products, presents many challanges to 
product managers and manufacturing managers to 
bring a product to market for the least cost within 
schedule while maintaining product quality. In 
today's highly competitive industries, product mana- 
gers and manufacturing managers require informa- 
tion to address many problems that arise because of 
the complexity of new products and the complexity 
of world-wide production and the changing nature of 
competition. The requirement that products be 
manufactured for the least possible cost is important 
in all industries. Of all the costs associated with 
manufacturing a product, inventory cost is one of the 
primary factors, and all enterprises try to reduce this 
cost. Recent advances in manufacturing systems, 
utilizing proven Japanese techniques of production, 
try to plan the arrival of all components and materials 
"just-in-time* to manufacture is a prime example of 
efforts to reduce inventory cost. 

A number of books and articles have been 
published that address the issue of inventory costs, 
notably the industry reference Production- Inventory 
Systems, Planning and Control by EKvood S. Buffa, 
published by Richard D. Irwin, Inc., Homewood, 
Illinois, and Analysis of Inventory Systems by G. 
Hadley and T. M. Whitin, published by Prentice-Hail 
International, Inc., to name two. All systems to date 
refer to various types of rules for planning purposes 
in order to reduce inventory costs. When customers 
place demand for a product from a manufacturer, the 
planning department analyzes the demand and 
establishes inventory required to manufacture the 
product. That inventory, calculated through the bill of 
material, is the component inventory or raw material 
inventory. In general, components are assembled 
together through various stages of the manufactur- 
ing process to produce the finished product. All 
during the manufacturing process, labor and over- 
head costs are added to the raw material cost to 
calculate the total cost of the product. Customer 



demand for a product often changes over time, and 
5 customers frequently change the demand quantities 
and expect response from the manufacturer. In 
almost all planning systems, the impact of inventory 
costs (work-in-process inventory) is ignored while 
responding to changes in customer demand as it is 

10 often difficult to establish the work-in-process 
inventory cost Impact due to changes in demand. 

Many manufacturing systems are available in the 
market, such as IBM Corp.'s COPICS (Communica- 
tions Oriented Production Information and Control 

15 System), that provide an inventory accounting 
module which provides the capability to analyze 
inventory costs of all Items in the warehouse or 
storage locations. As indicated, this product, as well 
as other competing products, does not provide the 

20 capability to analyze work-in-process inventory 
costs due to changes in periodic demand. 

What is needed is a system that addresses the 
issue of work-in-process inventory costs as a 
function of changes in customer demand. Such a 

25 system should be automated to calculate the costs 
and, using expert system techniques, provides the 
manufacturer with Information that immediately 
establishes the impact of demand changes and 
recommends appropriate action. Expert systems are 

30 a branch of computer science, generally referred to 
as artificial intelligence, which exhibits characteris- 
tics normally associated with human behaviour 
including learning, reasoning, solving problems and 
so forth. More specifically, an expert system or 

35 "knowledge based" system uses certain rules and a 
database to provide a user interactive environment 
in the form of a "consultation dialog 9 , just as the user 
would interact with a human expert 

40 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
an easy to use system that takes the planned 
45 demand data as required by customers for a given 
product and calculates the work-in-process inven- 
tory cost required to manufacture the product. 

It is another object of the invention to provide an 
easy to use mechanism to evaluate the impact on 
50 raw material and work-in-process inventory due to 
changes in customer demand. 

It is a further object of the invention to provide a 
system that prompts the user to alternate decision 
capabilities by a display of expected results for 
55 varying demand values. 

The invention is a conceptual tool that uses 
existing bills of material generated, for example, by 
the automated bin of materials system described in 
copending application S.N. 07/100,395 together with 
60 process parameter data that describe the process 
steps and associated manufacturing cycle times 
developed, for example, in copending application 
"Automated Traduction Release System", claiming 
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US prority S.N. 07/127,334. The invention provides 
an easy to use, user friendly interface for the 
planning system to estimate inventory cost for a 
given product (raw material and work-in-process 
inventory) when customers place orders for an item. 
The real benefit of the invention is derived when 
customers request a change to the quantity for the 
items previously ordered. If the change is to increase 
the quantity ordered, the production planner can 
estimate the inventory cost required to execute the 
order, and if the change is to reduce the order, the 
planner can estimate the Inventory cost for the item 
in the manufacturing process so that customers can 
be advised accordingly. This prior planning gives a 
measurement criteria for the planner to compare 
with the actual cost after the manufacturing is 
completed and enables the planning or operations 
manager to change or alter the manufacturing 
process so that actual costs are in fine with the 
projected inventory costs. 

According to the invention, the production plan- 
ner upon receipt of customer demands by time 
period will first estimate the inventory required using 
a model. In response to the planner Inputing values 
for demand values, the system automatically re- 
trieves appropriate parameter values from a data- 
base and estimates the raw material and work-in- 
process inventory costs. The system also derives 
the inventory profile for manufacturing the product 
and provides a display in a graphical format When 
new changes to the demand values are placed by the 
customer on command, the system re-calculates the 
Inventory values and gives the planner the Impact 
statement based on the changes. 

The process begins with the traditional planning 
process where the production planner receives all 
customer demand for the product and loads them In 
the planning database. This loading can be done 
either automatically through electronic transfer from 
an order entry system or the like. 

As new product manufacturing requirements are 
released from a development engineering organiza- 
tion, the planning system captures the bills of 
material data, routing data, manufacturing cycle time 
data and other parameters pertaining to the manu- 
facturing process. Upon executing this system, the 
system generates the inventory profile for the 
product and a model to be followed based on the 
given parameter data from engineering. Based on 
the model, the system calculates cost values for 
varying demand data as specified by the customer. 
The Inventory model is also used to establish control 
limits on inventory values that can be monitored 
against actual values incurred on the shop floor and 
corrective action taken from any deviations. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and 
advantages of the invention will be better under- 
stood from the following detailed description of a 
preferred embodiment of the invention with ref- 
erence to the accompanying drawings, in which : 

Figure 1 is a diagram showing the three kinds 



of inventory costs associated with inventory of 
any given product ; 

Figure 2 Is a tabular listing illustrating a 
sample Inventory data model Tor a part conv 
5 posed of five subcomponents ; 

Figure 3 is a tabular listing which is an 
extension of Figure 2 illustrating the rate of 
build up of inventory values and providing a 
graphical profile of the inventory buiid up in 
10 order to manufacture the part ; 

Figure 4 is a tabular listing of the summary of 
cost values associated with changes in demand 
for a given product; 

Figure 5 is a block diagram of the user and 
15 associated system interfaces from query sys- 

tem to the planning system and its relation to 
the database according to the invention ; 

Figure 6 is a block diagram illustrating the 
logical setup of the inventory model- program 
20 according tothe invention; and 

Figure 7 is a flow chart Illustrating the 
program logic for implementing the invention. 



25 DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Referring now to the drawings, and more particu- 
larly to Figure 1 , there is shown in high level context 

30 the break-down of total inventory costs into raw 
material cost, work-in-process cost and finished 
goods inventory cost. Raw material costs are those 
costs associated with the purchase of raw materials 
needed to manufacture a given products. This cost 

35 may be associated with any raw materials, be it raw 
components or semi-finished products, that are 
directly purchased from an outside vendor. Work-in- 
process inventory costs are those costs associated 
with storing semi-finished items in the manufactur- 

40 ing environments for which additional labor and 
overhead costs are added to the Items after 
purchasing the raw components. Finished goods 
inventory costs are those costs for which all work is 
completed and are being stored in the warehouse. 

45 The sum total of all three costs is the total inventory 
cost associated with carrying inventory. 

The first step involved in estimating required 
inventory, for both raw material and work-in-process 
inventory, is to model the appropriate inventory cost 

50 values required with respect to the time period. This 
process is the process of building an inventory 
model for a given finished product. 

The information pertaining to loading inventory 
cost values over a manufacturing cycle time for a 

55 finished product with its subassemblies is described 
below with reference to Figure 2 and the associated 
inventory profile of cost values over the manufactur- 
ing cycle time of a given product together with 
percent and summary cost values are described 

60 below with reference to Figure 3. Thus, Figure 3 is a 
sample inventory model for a part number with 
subassemblies. 

Referring first to Figure 2, there is provided an 
example of a part, identified as part number (P/N) 

65 # 1 , that is composed of five subcomponents. These 
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subcomponents may be subassemblies or individual 
items that go into making P/N #1. The data for the 
composition of P/N #1 may be obtained from an 
automated bill of materials program such as that 
disclosed In copending application Serial 
No. 07/100.395. The time period 0-> 12 is a sample 
time slice describing twelve clock cycles. It may be 
days or weeks or any time measure planned by the 
planner. It will be apparent from the figure that the 
completion time for P/N # 1 is period "0", and period 
"12" is the earliest time that items can come to the 
plant for manufacturing the item. In the figure, 
assembly 1,1 is classified as the major subassembly 
that goes into P/N #1 after a unit of labor and 
overhead cost is added in period number 2 and a unit 
of labor and overhead cost is added in the final 
period prior to completion. The value 113 that is 
listed in period number 10 for assembly 1,3 is a 
hypothetical value of raw materia) cost needed for 
assembly 1 ,3, and the values 5, 10, 10, 16, 16 that are 
listed in weeks 7, 6, 5, 4, and 3 are the labor and 
overhead costs associated with manufacturing the 
assembly 1,3 in the respective time periods. This 
figure as described depicts the cost values in 
respective time periods that will be placed in order to 
manufacture the product All these values are 
automatically derived from a planning database as 
relevant information is normally available when an 
item is planned for manufacture. 

Figure 2 illustrates the gradual progression of cost 
build up during the process of manufacturing the 
completed product. Cost required for the item in that 
respective week in order to assemble the product on 
time for feeding the higher assembly. Additional cost 
values entered on each row are the labor and 
overhead cost values added in the corresponding 
time period. This figure clearly illustrates how 
inventory costs get accumulated during the manu- 
facturing process. 

Figure 3 is an extension of Figure 2 and describes 
total material values, work-in-process values 
together with the total cost values for all subassem- 
blies that make up P/N # 1 . The months of inventory 
for the model as illustrated at the bottom of the 
figure is basically the area under the graphical 
projection. Inventory turns expected are calculated 
by planned yearly output values for a given part, 
which is total units times standard cost, and dividing 
by the total of months of inventory times standard 
cost times average requirements as planned. In this 
extension of Figure 2, the values are summed by 
respective columns of material cost category, labor 
and overhead cost category. A graphical display of 
inventory profile buildup describes these values 
graphically. The months of inventory from the model 
is calculated by multiplying the appropriate total 
percent value of cost buildup by the corresponding 
week (or other specified time period) where items 
get built. The expected inventory turns from the 
model are calculated by first evaluating the total 
output (expected) on an annual basis, which is the 
total cost of goods shipped by the months of 
inventory as modeled converted into monthly inven- 
tory values. This graph depicts the expected raw 
material and work-in-process inventory cost ex- 



pected on any product 

Any manufacturer would be willing to establish the 
inventory model for his respective product set The 
total cost of inventory would obviously depend on 
5 the monthly or yearty demand values. Figure 4 
describes the summary cost values by time period. 
Customers normally provide demand values in 
multiple periods as depicted by the "planned 
demand" values X1, X2. . . The next row describes 

10 the revised demand values Y1 , Y2, . . . which would 
be considered different from the planned demand 
values X1, X2, . . . In reality, not all demand values 
always change. Customers may normally change or 
request a change as they become more aware of 

15 their short term needs. When such a request Is 
made, the manufacturer in question would Gke to 
execute this system system and see the impact of 
the change which is described in the rows that 
follow. The material costs M1, M2, . . . refer to the 

20 material costs illustrated in Figure 3. The values In 
Figure 3 refer to per unit demand values. So, in order 
to evaluate the material cost values for Y1 or X1 
units, the material cost values in Figure 3 needs to 
be multiplied by that amount The work-in-process 

25 values also need to be multiplied by the demand 
values. Work-in-process costs contain the material 
costs. W1' t W2', ... are the work-in-process costs 
associated with revised demand values Y1, Y2, . . . 
The delta variation (W1'-W1) is the difference in 

30 work-in-process costs associated with revised de- 
mand values Y1 and X1. If Items have not been 
released to manufacturing, obviously, there may not 
be any finished goods values F1 to account for, but if 
part of the demand X1 has been fulfilled, F1 values 

35 attribute to that amount available in inventory. 

The system needs to be planned and designed in 
such a way that it Is user friendly and the user Just 
inputs the revised demand values Y1, Y2, . . . and the 
system automatically bunds revised model values, 

40 compares these against planned cost figures and 
displays the total inventory impact. In Figure 4, the 
total inventory impact T is computed as 
T1 - (WV-W1) + F1, etc. This brings us to the need 
for developing a user friendly system. 

45 Figure 5 describes key parts of the system from 
the user point of view. The key parts are the 
database 10 and the query system 12. The database 
10 can be any of several products currently available, 
but for purposes of this preferred embodiment, IBM 

50 Corp.'s DataBase 2 (DB2) is used. DB2 is a relational 
database management system, but it will be under- 
stood by those skilled In the art that other 
databases, including hierarchical databases, could 
be used. General information on IBM Corp.'s DB2 

55 can be had with reference to publication 
GC26-4073-2 published by IBM Corp. The query 
system 12 can be an expert system, but for 
purposes of the preferred embodiment, IBM Corp.'s 
Restructured Extended eXecutor (REXX) language 

60 is used. A description of the REXX language is 
provided in "Virtual Machine/Systems Product, Sys- 
tem Product Interpreter User's Guide", Release 4, 
publication SC24-5238-2 published by IBM Corp. 
The user 14 can query the current inventory values 

65 based on planned demand quantities and interro- 
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gate Inventory raw material and work-in-process 
costs for varied demand values. The query system 1 2 
interfaces with the Inventory Modeling system 16 
and provides an inventory Impact statement 18 for 
varied demand values. The database 10 has the 
capability to capture the projected Inventory cost 
values obtained for varying demand values. The user 
14 can access the results using the query facility 12 
at a later date, if needed. This enhances the analysis 
capability of future test data and provides the 
needed enhancement. 

Figure 6 describes the break out of the functional 
program necessary to provide an effective inventory 
model program. There are three basic programs in 
an inventory modeling system: (i) maintenance 
program 20, (ii) input program 22 and (ifl) report 
generation program 24. 

The maintenance program 20 is designed for use 
to maintain the input data in a specific format. For 
example, if a lead time to manufacture is changing, it 
may be desirable to provide capability to enter the 
new data without necessarily changing the old 
parameter data such as the part number or descrip- 
tion. If the inventory model program is fuDy inte- 
grated with other planning systems such as CO- 
PICS, this maintenance program may not be necess- 
ary. However, for the sake of flexibility, it may be 
desirable to provide the capability to off-line sys- 
tems. 

The inventory model evaluation can be designed in 
such a way that the system gets all pertinent data 
automatically from a planning database such as the 
COPICS database and thus fully integrated or 
provide the flexibility for the user to Input the 
necessary information off-tine so that the data can 
be manipulated or changed so that the model can be 
generated for varying values without actually chang- 
ing the planning database. In either case, the input 
program 22 provides the output such as shown in 
Figure 2. 

The report generation program 24 provides the 
capability to generate reports such as shown in 
Figures 2 and 3. 

The maintenance program 20 provides the func- 
tion of creating, modifying and deleting records from 
the database 10. The records contain such par- 
ameter data as assembly part number, sub-assem- 
bly part numbers associated with the bill of material 
structure, description of the part numbers, standard 
cost Information, average monthly demand and the 
item classification A, B or C. The A, B or C item 
classification is generally followed in the industry to 
separate those Items that contribute significantly to 
the cost. "A" items are those items in a given set that 
contribute to 8T*W> of the total cost. The "B" items 
are those items in the same set that contribute to 
15% of the total cost The "C" items are those items 
thai belong to the same set as D A° or °B" items, that 
contribute to 5% of the total cost of the set By 
segregating in this fashion, it would be very easy to 
control those key part numbers. 

First, the system develops the Inventory model 
based on the parameter data as described in 
Figures 2 and 3 and then provides additional 
capability to enter demand values to calculate the 



inventory impact statements 18. The user, can 
calculate the values rteratrvely by choosing different 
demand scenarios. The system prints an inventory 
model as well as impact reports on command. The 
5 detailed logic is provided in Figure 7. 

In Figure 7, the process begins by testing in 
decision block 30 to determine whether there Is 
parameter data available in the planning system. If 
not, the user Is prompted in function block 32 to 

10 Input cost data as in Figure 2. If parameter data is 
available in the planning system, the data is 
extracted in function block 34, Once the data is 
either input manually or extracted, the inventory cost 
data is calculated and a histogram is generated as in 

15 Figure 3, indicated in function block 36. That this 
point, inventory model reports 38 are output Next, 
the user is provided with a screen as In Figure 4 and 
the user Is prompted in function block 40 to Input 
revised demand values. The system then calculates 

20 in function block 42 inventory impact values as in 
Figure 4 and provides inventory impact reports at 44. 
The user Input Is monitored in decision block 46 to 
determine if the user desires to test new demand 
date. If so, control returns to function block 40; 

25 otherwise, the process ends. 

Customers normally change the demand values 
from time to time and would want a response from 
the manufacturer regarding committed delivery 
dates. The system according to the Invention 

30 provides an easy to use mechanism to evaluate the 
impact on raw material and work-in-process inven- 
tory due to changes in the demand. Using this tool, 
any manufacturer can assess the inventory cost 
Impact caused by demand fluctuations and take 

35 appropriate decisions regarding the price and 
delivery dates to be able to negotiate with the 
customer. 

While the invention has been described in terms of 
a single preferred embodiment, those skilled in the 
40 art will recognize that the invention can be practiced 
with modification and alteration within the spirit and 
scope of the appended claims. 



45 

Claims 



1. An automated method implemented on a 
50 computer for evaluating sensitivity of Inventory 

cost to fluctuations in customer demand, said 
method providing an inventory cost analysts 
due to fluctuations in customer demand and 
comprising the steps of : 
55 inputting planning parameter data describing 

inventory for a manufacturing process; 
evaluating an inventory model of the manufac- 
turing process based on said planning par- 
ameter data; 

60 providing a data input screen for inputing * 

revised demand values ; 

calculating inventory impact values for work-in- 
process inventory based on input revised 
demand values and the evaluation of said 
65 inventory model ; and 
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generating a report of said Inventory impact 
values. 

2. The automated method as recited In 
claim 1 wherein the step of inputting is 
performed by retrieving said planning par- 5 
ameter data from a database. 

3. The automated method as recited in 
claim 1 wherein the step of inputting is 
performed by manually loading said planning 
parameter data. 10 

4. The automated method as recited in 
claim 1 wherein said step of evaluating is 
performed by the steps of : 

calculating inventory cost data over a period of 

15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



time; and 

generating a histogram showing cumulative 
Inventory costs over said period of time. 

5. The automated method as recited in 
claim 4 further comprising the step of displaying 
said histogram. 

6. The automated method as recited in 
claim 1 further comprising the step of determin- 
ing If alternative new revised demand values are 
to be input, and if so, repeating said steps of 
providing a data input screen, calculating 
inventory impact values and generating a report 
of said inventory impact values. 
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INVENTORY MODEL FOR P/N'#l 



PERIOD 12 II 10 

p/N #1 ASSEMBLY I 0 0 0 

P/N#I,A ASSY 1,1 0 0 0 

P/N#I,B ASSY 1,2 0 0 0 

fyN#l,C ASSY 1,3 0 0 113 

P/N#I,D ASSY 1,4 0 0 188 

P/N#I,E ASSY 1,5 0 0 143 

MATERIAL COST 0 0 449 

LABOR AND OVERHEAD 0 0 0 

TOTAL O 0 449 

TOTAL WIP 0 0 0 

CUMULATIVE WIP 0 0 0 

WIP % OF STANDARD 0 0 0 

T0TAL% OF STANDARD 0 0 33 
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MAINTENACE PROGRAM (STATIC DATA INPUT) 

USERS CREATE, MODIFY, AND DELETE RECORDS CONSISTING OF i 

ASSEMBLY PART NUMBER 

SUBASSEMBLY PART NUMBER 

DESCRIPTION 

STANDARD COST 

MONTHLY AVERAGE MRS/DEMAND 

ITEM TYPE (A,B,C) 
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USER ENTER COST DISTRIBUTION INFORMATION FOR EACH RECORD 
BY ONE OF TWO METHODS: 

L CALCULATOR METHOD-USER ENTERS 
Q) MATERIAL OR LABOR DOLLARS 

b) CYCLE TIME 

c) COMPLETION WEEK 

2- PRECALCULATED METHOD-USER 
ENTERS TOTAL DOLLAR VALUES IN 
PROPER PERIODS OR LET THE 
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3) INVENTORY TURNS 
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